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Abstract. The Orion Molecular Cloud 2/3 region (hereafter, OMC-2/3) and the 
reflection nebula NGC 1977 encompass a section of the Orion A molecular cloud un- 
dergoing vigorous star forming activity. One of the richest assemblages of protostars 
in the nearest 500 pc is seen in OMC-2/3, while NGC 1977 contains a cluster of over 
100 young stars. In this review, we present a census of the protostars, pre-main se- 
quence stars, and young brown dwarfs in these regions. These are identified through 
sub-millimeter surveys, far-red to near-infrared imaging and spectroscopy with ground- 
based telescopes, mid-infrared photometry from the Spitzer Space Telescope, and X-ray 
observations made with the Chandra X-ray Observatory. We present an overview of the 
distribution of molecular gas associated with these regions and the rich complex of 
shock heated nebulae created by the young stars interacting with the molecular gas. Fi- 
nally, we discuss the relationship of OMC-2/3 and NGC 1977 to the neighboring Orion 
Nebula Cluster and the Orion OBI association. 



1. Introduction 

The section of the Orion A molecular cloud directly north of the Orion Nebula is a 
region of intense star formation activity. Although the number and density of young 
stars in this area does not rival those found in the Orion Nebula, it is still one of the 
most active regions of ongoing star formation within 500 pc of the Sun. It is typically 
divided into two regions: the Orion Molecular Cloud 2/3 region, which contains a 
filamentary molecular cloud rapidly forming new stars, and NGC 1977, a composite 
reflection and emission line nebula. In this chapter, we will review the observations 
which delineate the stellar, sub-stellar, protostellar and gas content in these two regions. 
We will begin by discussing the distribution of stars, gas and dust in these two regions 
and their relationship to the Orion Nebula Cluster. 



2. The Large Scale Distribution of Stars, Gas and Dust in OMC-2/3 and NGC 1977 

The Orion Molecular Cloud 2/3 (hereafter OMC-2/3), NGC 1977 and the Orion Neb- 
ula region are part of the Orion OB 1 complex (see Figure[T]); these regio ns fall along the 

line-o f-sight of the Orion Ic (4.6 Myr) and Id (< 1 Myr) subgroups (Bro wn, de Geus. & de Zeeuw 



19941). There are 15 OB stars in the s ubgroup Ic and 18 OB stars in subgroup Id 



(lGoudisl[T982h . IWarren & Hesserl (Il978l) place the Trapezium stars of the Orion Nebula 
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Figure 1. The distribution of OB stars surrounding the OMC-2/3 and NGC 1977 
regions. The greyscale image is an extinction map of the Orion A cloud generated 
from the 2MASS PSC (Gutermuth, private co mmunication) . The star shaped mark- 
ers are the OB stars in the OB 1 association (Brown''1996'); the small markers are 
the B stars and the large markers are the O stars. These show that the OMC-2/3 and 
NGC 1977 regions are surrounded by a number of B stars, particular to the north of 
NGC 1977 and the east of OMC-2/3. These OB stars are likely members of the Ic 
subgroup. 



in the Orion Id association and the most massive star in NGC 1977 in Orion Ic. The 
division of stars into subgroups has been done primarily by their spatial distribution, 
yet there may be significant spatial overlap between the subgroups (see, for example, 
Jeffries et all ((2006, )). Thus, the membership of the two subgroups and the relationship 
of the subgroups to the current star formation in OMC-2/3 is far from clear. Surround- 
ing OMC-2/3 and NGC 1977 are a number of B stars. Direcdy north of NGC 1977, and 
outside the molecular cloud, is the NGC 1981 cluster which contains four B stars. To 
the east of OMC-2/3 are three B stars. The relationship of these stars to the OMC-2/3 
and NGC 1977 regions is not understood; it is plausible that they have influenced star 
formation in these regions by compressing, heating and/or ionizing the molecular gas 
in the Orion A cloud. 

In Figure El we show the relationship of OMC-2/3 and NGC 1977 to the Orion 
Nebula using the positions of known young stars and protostars and maps of the dust 
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Figure 2. OMC-2/3, NGC 1977, and the Orion Nebula Cluster. The upper left 
panel shows 8 /im emission observed with IRAC on Spitzer. The box shows the 
20' X 20' field mapped by Peterson et al. (2008). The upper right panel shows the 
distribution of young stars and protostars identifi ed by varia bility or infrared excess 
(ICarpenter. Hillenbrand. & Skrutslde,2001:.Megeath et al.l2008 a. in prep). This map 
is incomplete toward the center of the Orion Nebula cluster. The lower left panel 
shows the distribution of velocity integrated CS 2 — > 1 emission mapped by Five 
College Radio Astronomy Observatory (N. Ridge, priv. comm.). The lower right 
panel shows a radial velocity versus declination plot of the same data cube integrated 
over RA. The two fines show the extent of the box shown in the other panels. 
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and gas emission. The Spitzer 8 /xm map shows the emission of UV heated small 
grains and hydrocarbons. The Orion Nebula is the region of bright 8 /xm emission 
in the southern part of the map. Extended diffuse emission is detected in OMC-2/3. 
Within this emission, dense molecular filaments are apparent in absorption against the 
diffuse emission. This filamentary cloud of dense molecular gas is seen in the lower 
angular resolution CS (2 1) map. Apart from a shift in the molecular gas velocity, 
as shown in the declination-velocity map, the gas in the OMC-2/3 region appears to 
be a continuation of the same gas associated with the Orion Nebula. NGC 1977 is 
surrounded by a loop in the 8 /xm emission; the emission is brightest where the loop 
meets the dense molecular gas. 

Two studies have identified the pre-m ain sequence and protostellar sources through - 
out the entire region displayed in Figure |2] ICarpenter. Hillenbrand. & Skrutskid ( 2001 ) 
used multi-epoch JHKs-hwA imaging of a 0.84° x 6° region centered on the Orion 
Nebula to examine variability in young stars. Vari able stars in thi s sample are likely to 
be young pre-main sequence stars. More recently. [Megeath et all (l2008a . in prep) have 
identified infrared excess sources in the Orion A molecular cloud by combining mid- 
infrared photometry from the Spitzer Space Telescope wit h the Two Micron All Sky 
Survey (2MASS) point source catalog (ISkrutskie et al.ll200 6): these sources are young 
pre-main sequence stars and protostars with dusty disks and envelopes. 

The observations show a continuous distribution of young stars extending from the 
Orion Nebula, where the density of young stars is highest, out to the NGC 1977 region. 
The region of peak density is often referred to as the Orion Nebula Cluster (hereafter, 
ONC, see the chapters by Muench et al. and O' Dell et al.). From the disl:ributio n of 
gas and stars, it is not clear where the ONC ends. iHillenbrand & HartmannI ('1998') set 
an out er radius of the ONC of 2.06 pc, which partially incorporates OMC-2. Carpente^ 
( 20001) used the surface density of 2MASS sources on the sky, corrected for background 
contamination, to map the distribution of young stars in the Orion A cloud. Using a 
smoothed surface density plot. Carpenter ( 2000) identified clusters as contiguous areas 
of elevated surface density; this analysis led to the incorporation of the OMC-2/3 and 
NGC 1977 regions into a single cluster centered on the Orio n Nebu la, four parsecs in 
radius, with over 1700 stars. More recently, Megeath et al] (l2008al. in prep; see also 
Allen et al] ( 20071) ) used the path linkage criterion of BattineliU ( 19911) with a critical 



length of 0.33 pc to map the extent of the Orion Nebula cluster; they also include 
OMC-2/3 and NGC 1977 in the ONC. 

In summary, the OMC-2/3 and NGC 1977 regions appear to be part of a complex 
of young stars and gas extending three parsecs from the Orion Nebula. These regions 
can be thought of as composing a continuous cluster of young stars. Observationally, 
these three regions are best differentiated by the morphologies of their 8 ixm nebulosity. 
The Orion Nebula is characterized by bright emission due to OB stars heating the sur- 
face of the Orion A cloud; in this region, the molecular cloud appears to be behind the 
bright nebulosity. In contrast, the OMC-2/3 region shows the molecular gas in absorp- 
tion against extended diffuse emission. Finally, the NGC 1977 region is surrounded 
by a loop of emission; presumably the walls of a cavity cleared in the molecular gas 
by the young B stars. The distinctive morphologies reflect the different environmental 
conditions in these three regions: the ONC region containing young stars and molecular 
gas irradiated by intense extreme UV radiation, the OMC-2/3 region containing proto- 
stars embedded in molecular filaments, and the NGC 1977 region being largely cleared 
of molecular gas and containing young stars irradiated by far-UV radiation from three 
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B stars. These different environmental conditions are perhaps the best motivation for 
dividing the northern end of the Orion A cloud into three distinct regions. 



3. The Orion Molecular Cloud 2/3 Region 



The OMC-2/3 region (see Figures [3] and encompasses a section of the Orion A 
mo lecular cloud undergoin g vigorous star forming activity, and at a distance of 450 
pc (iGenzel & Stutzkilll989h . it contains one of the richest assemblages of protostars in 
the extended solar neighborhood. It is important to note that four recent and indepen- 
dent est imates of the distance to the ONC place it closer, consistent vvith a value o f 
420 pc (iHirota et al.ll2007l : IJeffriesI l2007l : iMenten et al.ll2007l : ISandstrom et"aDl2007h : 
however, throughout this discussion we use 450 pc. 

OMC-2/3 is located in a molecular filament extending northward from the Orion 
Nebula (NGC 1976) to NGC 1977. Interest in OMC-2/3 was elevated by the detection 
of a chain of 21 submillimeter condensations by IChini et a l. ( 1997 ) and the detectio n 
of numerous knots of H2 emission from multiple outflows (Yu, Bal ly. & Devinell 19971) . 
These observations revealed for the first time the full extent of the star formation activity 
in OMC-2/3. 



The OMC-2 region was first defined by' Gatley et all (119741) in their discovery of a 
group of near-infrared sources embedded in a molecular core, centered at a position of 
a = 05^ 35™ 26. 8^ 5 = -05 ° 10^ 17^^(J2000). The far-infrared luminosity of OMC-2 is 
estimated to be 2 x lO^L© dThronson et al.lll978h . OMC-2 is north of OMC-1, which 
is the molecular cloud associated with the Orion Nebu la. Interestingly, the discovery 
of OMC-3 is not well documented in the literature. In Morris et al. reference 
is made to a secondary maximum 11' north of OMC-2 in a map of HCN J = 1 ^ 
emission that was possibly an a rtifact due to the large, 2' beamwidth. Two years later, 
Kutner. Evans. & Tucked (Il976h also appear to detect a maximum north of OMC-2 in 
2 millimeter H2CO emission at the same beamwidth , but at a di stance of 16'. The 



first actual reference to "OMC-3" occurs in Thronson et al.l (119781) where far-infrared 
observations of OMC-3 were centered approximately o n a = 05 ^ 35™ 10.3^^, 6 = —04° 
55' 01"(J2000), which is almost 16' north of OMC-2. iGoudisI (Il982h also notes that 
OMC-3 is 16' north of OMC-2; a reference is not given but presumably it is based on 
this observation. Since that time, most of the references to OMC-3 have referred to 



the loc ation of the secondary maximum in the HC N map from the initial Morri s et al. 



(Il974t) paper of 11' north of OMC-2. In particular, IChini et all ([1997.') define OMC-3 
as the region between 3' and 11' north of the center of OMC-2. 

In the remainder of this section, we will define the OMC-2/3 as the gas and asso- 
ciated stars within the 20' x 20' field outlined in Figure |2] This is the region mapped 
by Peterson et al. (2008) in their deep, near-infrared observation of OMC-2/3 (Figures 
|3] and nil, and encompasses the protostellar and prestellar sources detected in the sub- 
millimeter surveys. 



3.1. Molecular Gas 



The B ally et aLl (Il987h Bell Labs survey of ^^CO 1 — > emission extensively mapped 
the Orion A molecular cloud covering 8 deg^; the total mass was found to be 5 x lO^M©. 
The map shows an integral shaped filament in the northern part of the Orion A cloud 
from NGC 1977 in the north through the Orion Nebula in the middle down to about 
20' north of NGC 1999 in the south. This filament, which includes OMC-2/3, is about 
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Figure 3. OMC-2/3. The 20' x 20' X-band field mapped by iPeterson et aTl 
(|2008,) in their near-infrared study of OMC-2/3. Sources discussed in the text which 
are prominent in this image are labeled. 



0.5 X 13 pc long and has a total rt iass of 5x10^ Mm , or about 25% of the total mass 
of their map of the Orion A cloud. iBallv et al.l (|l987l) suggest that the filament results 
from the interstellar medium being compressed by a superbubble driven by the Orion 
OB a ssociation. 

iPutrey et all (1993') obtaine d J = 2 ^ 1 C^^O maps of the Orion A cloud and 
found that the filament seen in the lBally et al.l(|l98 7) map breaks up into several discrete 
fragments. From these observations, the molecular gas masses of OMC-2 and OMC-3 
ar e found to be 113M(7) and , respectively. However, a higher resolution study 

by lCastets & Langeil(ll995h in several transitio ns of ^^CO, C^^O, C^^S and C^^S shows 
both these regions to be much more complex. ICastets & Langed ( 1995h shows a single 
dense core in OMC-2 with a mass of 22Mq and a radius of 0.11 pc. In contrast, they 
find the gas traced by C^^O and CS in OMC-3 is highly elongated with a total mass of 
55M0. The CS observations show three dense cores in OMC-3 with masses of 12, 10 
and 13M0; since CS traces only the dense gas, it is inferred that the C^^O maps are 
detecting a massive envelope surrounding the dense cores. 
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Figure 4. OMC-2/3. A 20' x 20' image showing 4.5 band emission observed 
with the IRAC camera on board the Spitzer Space Telescope. This is the same region 
shown in Figure[3j and the annotations from Figure[3]are displayed. 



3.2. Submillimeter Sources 



Submillimeter observations of OMC-2/3 have been conducted at 1300 ( Mezger. Wink. & ZvLkal 
1990';'ChinletalJl997'; 'Nielbock, ChinL_&Muller"2003'), 850 fim, 450 ('Johnstone_&Balli!l 
1999,), and 350 fim dLis et al...l998) . resulting in the discovery of a wealth of pre-stellar, 



Class and Class I objects. Twenty-one compact sources were detected in QMC-2/3 by 
IChini et aL I (ll997h in their 1300 /im dust imaging of the region. Prev ious tolC hini et alj 
(Il997l) the OMC-2 core was observed at 1300 fim by Mezger. Wink. & Zvlka (. 19901) 
and their original six source s, hsted as FI R la, 2—5 and 6a in Table [1] were also de- 
tected by IChini et all (Il997l ). In OMC-2, IChini et all (Il997h detected two additional 
sources north of FIR la (FIR lb and Ic) a s well as a cluster of compact sources near 
FIR 6a: FIR 6b-6e. Finally, IChini et all d 19971) found four more sources in OMC-2 
(MMS 7-10) and six sources in OMC-3 (MMS 1-6). Based on Lfeoi/L^nfemm ratios < 
200, all six condensations in OMC-3 fit the definition of Class objects, and are thus 
in the earliest stages o f protostella r evolu tion (Chini et al. 1997). 

All 21 sources of IChini et all d 19971) were detected at 350 fim bv lLis et all d 19981) 
except for one (MMS 10), and an additional 13 sources were discovered (CSO 1—33 
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Table 1 . Submillimeter Sources in OMC-2/3 



Source 


R.A." 


Dec." 


S (350 ^m) S (1300 ^tm) S (3.6 cm) Other 


Name*" 


(J2000) 


(J2000) 


(Jy) 


(mjy) 


(mJy) 


Designations'' 


MIR 1/2 


05 35 28.3 


-04 58 38 




290 






CSO 1 


05 35 29.8 


-04 58 47 


15 








CS0 2 


05 35 13.9 


-04 59 25 


15 








MIR 3 


05 35 15.8 


-04 59 59 


17 


179 




CSO 3 


CSO 4 


05 35 17.1 


-05 00 03 


19 








MMS 1 


05 35 18.1 


-05 00 20 


26 


347 




CSO 5 


MMS2 


05 35 18.5 


-05 00 30 


25 


249 


0.25 


CSO 6; VLA 1; 
MIR 5/6 


MMS 3^= 


05 35 19.2 


-05 00 51 


26 


152 




CSO 7 


MMS 4 


05 35 20.5 


-05 00 50.0 


27 


354 




CSO 8; MIR 7 


MMS 5 


05 35 22.5 


-05 01 15 


24 


400 




CSO 9 


MMS 6 


05 35 23.5 


-05 01 31 


45 


2000 


0.15 


CSO 10; VLA 3 


CSO 11 


05 35 27.1 


-05 03 39 


15 


164 




MIR 9 


MMS 7 


05 35 26.5 


-05 03 57 


19 


360 


0.59 


CSO 12; VLA 4; MIR 10; 
IRAS 05329-0505 


MMS 8 


05 35 26.7 


-05 05 19 


17 


268 




CSO 13 


MMS 10 


05 35 32.3 


-05 05 42 




166 






MMS 9 


05 35 26.2 


-05 05 44 


21 


412 


0.79 


CSO 14, VLA 5 


MIR 11 


05 35 31.5 


-05 05 47 




228 






MIR 12 


05 35 25.8 


-05 05 58 




146 






CSO 15 


05 35 22.9 


-05 06 41 


14 








FIR Ic 


05 35 23.8 


-05 07 09 


18 


180 




CSO 16; MIR 14; 
IRAS 05329-0508 


FIR lb 


05 35 23.7 


-05 07 35 


18 


195 




CSO 17 


FIR la 


05 35 24.4 


-05 07 53 


18 


393 


0.31 


CSO 18; VLA 8"^ 


CSO 19 


05 35 25.0 


-05 08 19 


15 








CSO 21 


05 35 26.4 


-05 08 26 


14 








FIR 2 


05 35 24.4 


-05 08 34 


17 


340 




CSO 20; MIR 19 


MIR 20 


05 35 26.9 


-05 09 24 




351 






FIR 3 


05 35 27.5 


-05 09 38 


36 


676 


2.48 


CSO 22; VLA 11; 
MIR 21/22 


FIR 4 


05 35 26.8 


-05 10 03 


67 


1252 


0.64 


CSO 23; VLA 12; MIR 24?; 
IRAS 05329-0512 


MIR 25 


05 35 27.6 


-05 10 09 




216 






MIR 26 


05 35 28.2 


-05 10 14 




423 






FIR 5 


05 35 26.4 


-05 10 24 


34 


452 




CSO 24; MIR 27? 


MIR 28 


05 35 24.8 


—05 10 30 




186 


1.04 


VLA 13 


FIR 6b 


05 35 23.3 


-05 12 09 


15 


300 




CSO 25; MIR 29 


CSO 26 


05 35 26.3 


-05 12 23 


14 








CSO 27 


05 35 24.7 


-05 12 33 


19 








FIR 6a 


05 35 23.4 


-05 12 42 


21 


361 




CSO 28 


MIR 30 


05 35 18.2 


-05 13 07 




186 






FIR 6c 


05 35 21.6 


-05 13 14 


18 


450 




CSO 29 


FIR6d 


05 35 19.8 


-05 13 19 


12 


314 




CSO 30; MIR 31/32 


MIR 36 


05 35 22.6 


-05 14 11 




184 






CSO 31 


05 35 21.5 


-05 14 30 


15 


189 




MIR 37 


CSO 32 


05 35 21.3 


-05 14 54 


15 


161 




MIR 38 


MIR 39/40 05 35 19.9 


-05 15 09 




140 






MIR 41 


05 35 23.5 


-05 15 23 




42 






CSO 33 


05 35 19.5 


-05 15 35 


20 


288 




MIR 42 


MIR 43/44 05 35 25.3 


-05 15 36 




48 







" Positions from Lis et al. ( 1998) except for source 15 which has Chini et al. ( 1997) coordinates. 
For non-CSO or MMS sources, MIR coordinates ar e used (iNielb ock. Chini, & Mulleri,2003i) . 
'' CSO na m es and corresponding fluxes from iLis et al.l il9 98), MMS and FIR from 
Chini e t al.' (1991), VLA from iReipurth, Rodriguez. & Chini, a99a) and MIR from 
Nielboc k, Chini, & Muilerl d2003h . IRAS sourc es from the Po int Source Catalog. The 350 
fim and 1300 fim positions agree to within < 6"( lLis et "^119981) . 

There is a positional difference between CSO 7 and MMS 3 of ^ 19"; co nsequently, the 
association of these sources is uncertain. Coordinates are from lLis et all ( 119981) . 

There is a positional difference between FIR la and VLA 8 of ~ 8"; however, FIR la 
has a broad peak and VLA 8 is located within the boundary so the association is likely 
dReipurth, Rodriguez, & Chini|[T999i) . 
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Figure 5. The central part of the OMC-2/3 region shown in Figure [3] The left 
panel shows the Spitzer % /^m map. The right panel shows the 850 /im map of 
iJohnstone&Ballvl ( 119991) in inverse greyscale. Overlaid on this map are the follow- 
ing: 1.) positions of the 34 submillimeter sources given in Table [T] (diamonds), 2.) 
positions of Spitzer identified protostellar candidates (asterisks) and 3.) positions 
of pre-main sequence stars (circles; see Section |3.4.| i. Note that many of the fila- 
ments seen in emission in the 850 /im map are seen in absorption against the diffuse 
background in the 8 /xm map. 



in Table [T|l. In Figure |5j these 34 submilli meter sources are shown w ith the 8 fim 
IRAC map as well as the 850 //m map from iJohnstone & Ballvl (Il999l) . Overall, the 
sub millimeter sources follow th e filam entary structure of the 850 /xm emission. 

Nielbock. Chini. & Mulled (120031) also obtained 1300 ^m maps of OMC-2/3 and 



identified 12 new 1300 ^m peaks in addition to the ones already identified; all are 
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listed in Table [T] (MIR sources). They complemented the submillimeter data with mid- 
infrared imaging and detected at least 13 (and as many as 15) of the submillimeter 
peaks at 11.9 fim (A^— band) and 17.8 fim (Q— band). In the mid-infrar ed, 6 of the 
submi llimeter peaks are resolved int o double sources, e.g. MMS 2 f rom IChini et aTl 
d 19971) is resolved into MIR 5 and 6 (iNielbock. Chini. & Mulie3l2003h . The projected 
spatial separation of these two particular sources is 1.3", or 570 AU at 450 pc, with a 
position angle of 45°. 

Two of the submillimeter sources of lChinietal](ll997l ) coincide with Infrared As- 
tronomical Satellite (IRAS) sources: IRAS 05329-0505 (MMS 7) and IRAS 05329- 
0512 ( FIR 4). There are also two submillimeter sources detected in X-rays: MMS 2 
and 3 (iTsuboi e t al."200lh. 



^Seven of the C hini et all (119971) sources were also detected at 3.6 cm (iReipurth. Rodriguez. & Chini 

1999h . They present radio continuum maps and detect a total of 14 sources at 3.6 cm. 



where 3 are likely background sources. The remaining 1 1 are likely either young stars 
or protostars. Of those 1 1 sources, 7 are also detected at 1300 fim and are listed in Table 
[T](VLA 1, 3, 4, 5, 8, 11, 12). These centimeter sources are thought to result from ionized 
gas in outflows, and they are clear evidence tha t many of the submillimeter sources are 
indeed protostars containing hydrostatic cores (iReipu rth. Rodriguez. & Chinilll999l) . 

Submillimeter wavelength polarimetry of OMC-3 has shown that the magnetic 
field is perpendicular to the filament along most of the length of the region encompassed 
by the MMS 1-9 cores dMatthews & Wilsonll2000l) . They also find that the outflows in 
this region are not consistently aligned with the ambient field or the filament. 



3.3. Outflows 



Infrared, optical and millimeter measurements h ave shown that OMC-2/3 is rich with 
outflows driven by the young stars in this region. 'Yu. Ballv. & Devind (Il997l. hereafter, 
YBD97) discovered 80 knots from 2.12 /xm imaging of the v = 1 — 0S(1) line of shock 
excited H2 with nearly a dozen of those being coUimated outflo ws from young s tellar 
objects (YSOs) in OMC-2/3. Observations in ^^CO J = 2 ^ 1 bv' Yu et al.l(l2000l) sug- 
gest that these H2 knots are driving molecular outflows. OMC-2/3 was also observed 
at 2.12 /im by lStanke. McCaughrean. & Zinneckeil (I2002L herea fter SMZ02) and they 
identified 24 flows labeled SMZ 2—25. Tables 2 and 3 in SMZ02 enumerate the flows 
(Table 3) and each of the H2 knots associated with those fl ows (Tab le 2); Table 2 also 
includes a comprehensive correlation of th e HH objects and YBD97I H9 knots w ith the 
ISMZO2I H9 features. Using these positions. Iwilhams. P lambeck. & Hevej (|2003|) iden- 
tified nine outflows in CO emission fro m high resolution Berkeley-IUinois-M aryland 
Array (BIMA) imaging. Figure |71 from IWilliams. Plambeck. & Heyed ( 2003h. shows 
the loc ation of those nine outflows, each of which appears to originate from a Chini et ahl 
(119971) subm illimeter source. The nine outflows line up with approximately 50 of the 
60 |YBD97| H9 knots that are coinciden t with the BIMA map; those that do n o t are likely 



to be o utflows in the plane of the sky dWilliams. Plambeck. & Heyeill2003b . lAso et aL 
(120001') identified 4 additional molecular outflows from CO (1 - 0) and HCO+ (1 - 0) 



observations with the Nobeyama 4 5-m telescope, and all are associa ted with the known 
far-infrared or millimeter sources dChini et all ll 



T997l : lLis etalll998h . 



The most prominent Herbig Haro objects in OMC-2/3 a re associated with the bipo- 
lar reflection nebula known as Haro 5a/6a, first noted by iHarol (1953). Haro 5ay6a 
appears almost edge-on (see Figures [3l IH & (6]), exhibiting a d ark lane between the 
two lobes of the nebula at optical and near-infrared wavelengths dYBD97l : ISMZOZ) . A 
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Figure 6. Near-infrared J-K-H2 color-composite image of the OMC-2/3 region. 
Jets and outflows appear in red. The flow associated with Haro 5a/6a is SMZ 6. Data 
obtained with the wide-field imager, WFCAM, on UKIRT. Figure courtesy of Chris 
Davis (private communication). 



slightly tilted obscuring torus is inferred from imaging polarimetry data ("Wol stencroft et aL 



while near-infrared spectrosc opy suggests that the source hidden by the torus 
may be an FU Orionis type variable ( Reipurth & Aspinlll997l : lGreene et al. 2008 ). 

Haro 5a/6a is centered on I RAS source 05329 -0505, which is one of the 1300 
lim sources (MMS 7) detected by IChini et all d 19971) . It is also associated with a radio 
jet (Reipurth et al. 200 4D and a large -scale bipolar outflow dYu. Bally. & Devinelll997l : 
Iwilliams. Plambeck. & Heyel^2003h ■ The western lobe of the nebula (Haro 5a) includes 
a knot of H2 emission coinciding with HH 294 (see our Table [2] for a list of the promi- 
nent outflows in OMC -2/3), a well coUimated optica l jet 100" in length which flows 
from the IRAS source ( Reipurth. Bally. & Devine 1997). The fl ow axis intercepts more 
distant HH knots 42, 128. and 295 dOgura & Walshiil991l : iReipurth. BaUv. & Devine 
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1 ' 1 ' 1 ' 1 ' r 




L 1 I 1 I 1 I 1 I 1 I 

05*'35'"4-0* 30* 20° 10* 35"'00* 

a (2000) 

Figure 7. This figure from lWilliams. Plambeck. & Heveii ( l2003h shows line-wing 
emission from their BIMA mosaic (interferometer data only). The blue and red 
contours show emission integrated from v ~ 5.5 to 9.0 km s^^ and 12.5 to 16.0 
km s~^, respectively. The contour starting levels and increments are the same (8, 
4 K km s~^) for both velocity ranges. The star symbols represent the positions of 
thelChini et al.l d 19971) sub millimeter sources and dots represent the H2 knots from 
lYu. Bally. & Devind (11997 ). The solid contour around the map is the 30% sensitivity 
level and the 8.8" x 13.4" beam is shown in the lower right-hand corner. 



19971) . although the complex web of flows in this region m akes concrete associations 



diffic ult - p articularly at infrared and millimeter wavelengths (^Schwartz. Burton & H errmann 
1997 | : I^B allv. & Devine 1997; Yu et al. 2000; Stanke, McCaughrean, & Zinnecke^ 



2002: WiU iams. Plambeck. & Heveril2003l : IDavis et al.ll2q08l. in p rep: see also Figures |6] 
&U}>- Large, though faint, H2 bow shocks are detected byl SMZ02i. which they associate 
with flow SMZ 6 originating from Haro 5a/6a (also called flow "F" infYBD97). This 
source has also been detected in 3—24 fim Spitzer observations and is classified as a 
protostar on the basis of the Spitzer photometry (see Section [3Al) . 
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About 3' north of H aro 5a/6 a, a compact chain of optical/infrared knots trace 
HH 293 (flow SMZ 5 in ISMZ0 2': flow "C" in 'YBD97I). Bright H2 bows delineate 
a third flow ~2' to the south of Haro 5a/6a (flow SMZ 9 in S MZ02; flo w "H" in 
YBD97I: la beled in Figure IS]). A fourth H2 flow (flow SMZ 3 in ISMZOl flow "B" 



in 



YBD97I) is detected a further arcminute north-west of HH 293. Notably, all four 



flows are more-or-less parallel, and orthogonal to the chain of cores that runs roughly 
north-south through the center of the region. Further south toward FIR 4 and the region 
directly west of M 43, a complex of star forming cores produces at least anothe r half- 



dozen H2 flows (lYu et al. 2000 ; .Stanke. McCaughrean. & Zinnecker 2002: Davis et al. 



I2008h. although these are more randomly oriented. IChini et al.l (119971) . lYu et al.l (l2000r 
and IWilhams. P lambec k. & Heyeii (l2003h present molecular line maps of the outflows 
in this region. The extremities of many of the flows in this region, where they break out 
of the north-south r nolecular filament that pervades QMC-2/3, are manifest a s optically- 
visible HH objects dOgura & Walshlll99ll : lR"eipurth. Ballv. & Devinelll997h . 



Table 2. Prominent Herbig-Haro and H2 outflows in OMC-2/3 



HH or H2 


Driving 




Dec'^ 


Other flow 


Length 


Refs" 


designation" source'' 


(2000) 


(2000) 


designations 


(pc)'' 




HH 294 


IRAS05329-0505; 


05 35 26.4 


-05 03 54 


Haro 5a/6a; 


1.43 


1,2,3,4 




MMS 7 






SMZ 6; YBD "F" 






HH 293 


MMS 5 


05 35 22.4 


-05 01 16 


SMZ 5; YBD "C" 


0.05 


1,3,4 


SMZ 9 


MMS 9 


05 35 26.2 


-05 05 46 


YBD "H" 


0.34 


3,4 


SMZ 3 


IRS 1 


05 35 18.2 


-05 00 33 


YBD "B" 


0.70 


3,4 



" SMZ refers to the H2 flow nomenclature of lStanke. McCaughrean. & Zinnecke3 ( 120021) . 



MMS designations from lChini et 

Positions for each flow from Table 3 in lStanke. McCaughrean. & Zirmeckerl i2002h . 

Jet length from lStanke. McCaughrean. & Zinneckej i2002h assuming a distance to Orion A 

of450pc. , , , ^ , , , , 

" References: (1) iReipurth . Ballv. & Devind (119971). (2) iDavis et all j2008h . (3) 
IStanke, McCaughrean. & Zinneckej d2002h . (4) lYu. Ballv. & Devind dl997t) . 



3.4. Pre-main Sequence Stars and Infrared Selected Protostars 

In the discovery paper of 0MC-2. rGatley et aLl(ll974f) presented a 2.2 fim map of OMC- 
2 showing five bright sources surrounded by nebulosity, four without optical counter- 
parts. Observations from 1. 6 to 20 um showed that these sources had rising spectral 
energy distributions. Rayner et al.l (1989) published the first infrared array observa- 
tions of OMC-2 at 1—3 /nm, including polarimetry which showed that the four infrared 
sources were the sour ce of the refle ction nebulosity associated with the sources. In- 
frared photometry by Ijohnson et all (il990) found luminosities of 20 to 1000 L© for 
these sources. 

The first wid e-field infrared map of OMC-2/3 was a 15' x 5' JHK mosaic by 
iJones et al (Il994h which showed OMC-2 as a small group of red sources surrounded 
by an extended and relatively uniform distribution of stars. They argued that the major- 
ity of the 219 sources were associated with the Orion cloud, and were not background 
stars; this is the first evidence of a large population of stars associated with OMC-2. 
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Figure 8. The pre-main sequence star population in OMC-2/3 overlaid on the CS 
2^1 emission (N. Ridge, priv. comm.). The sources represented by dots are those 
wit h infrared excess, asterisks are the infrared- selected protostars, open circles are 
the ICarpenter. Hillenbrand. & Skrutskid dlool v ariables, and s quares are infrared 
sources with X-ray emission detected by Chandra dTsuiimoto et al. 2002) . 



All & DePovl (Il995h mapped OMC-2 as part of a 2.2 nm survey of the Orion A molec- 



ular cloud. Their surface density maps showed OMC-2 as a distinct density peak about 
15' north of the center of the ONC; within this density peak they found ~ 30 sources. 
They also noted the presence of a large distributed popula tion surrounding the ONC 
and OMC-2 regions containing around ^ 1500 members. iNielbock. Chini. & Miiller 
(12003) combined mid-infrared imaging with the 2MASS point source catalog and found 
57 sources with infrared excess in the OMC-2 and OMC-3 regions. Using the 2MASS 
point source catalog, they identified 260 possible young stars in the OMC-2 and OMC-3 
regions, and found that the absolute J-band magnitude distribution of sources in OMC- 
2 peaked at a higher luminosity than that for OMC-3. It is not clear if this difference 
is due to a different distribution of stellar masses or different age distributions; hope- 
fully, future spectroscopic observations can be used to search for variations in the mass 
spectrum. 

Recent infrared and X-ray observations of the OMC-2/3 region motivate a re- 
examination of its population of pre-main sequence stars and protostars. These include_ 



the 2M ASS survey of Orion, multi-epoch near-infr ared imaging b y Carpenter, Hillenb rand. & Skrutskie 
(120011) . a 100 kilosecond Chandra integration by iTsuiimoto et all (|2002|). and fina lly, 
a wide field Spitzer survey of the Orion molecular clouds ( Megeath et al.ll2008al. in 
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Figure 9. Color-color diagrams of YSOs in OMC-2/3 and NGC 1977 drawn from 
2MASS and Sp/fzer photometry ( Megeath et al. 2008a, in prep). The YSOs are iden- 
tified either by infrared excesses, variability, or, in the case of OMC-2/3, X-ray emis- 
sion. In the upper left diagram, we show the region of the 3.6—4.5 ver sus 5.8—8.0 
color-color diagram populated by young s tars with disks and protostars (lAllen et al.l 
l2004t lMegeath et al.ll2004t IWinston et al.l|200 7). For sources not detected at 5.8 and 
8.0 /zm, sources with infrared excesses due to disks and/or envelopes were identified 
by combining 4.5 ijm photometry with near-inf rared 2MASS J, H, Kg photome- 
try (l Outermuth et al.l 120041: IWinston et al.ll20()7l) . As shown in the upper right and 
bottom left diagrams, the infrared excess so urces can be separate d from reddened 
photospheres using the reddening vector from lFlahertv et al }(2001). Additional tran- 
sitional disk sources were identifie d using the 8.0—24 color (Muzerolle et al. 2004'; 
IWinston et al.ll2007l:lMegeath et al.ll2008ai in prep, with modified criteria); these are 
grouped with the stars with disks in our classification scheme. The bottom right 
shows the 3.6—4.5 versus 4.5—24 color-color diagram used to find likely protostars 
by identifying sources with mid-infrared colors consistent with a flat or rising spec- 
tral energy distribution (.Megeath et al...2008b„ in prep). 
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prep). Using catalogs derived from these observations, we select young stellar objects 
as sources satisfying one of the following criteria: 1) presence of a mid-infrared excess 



from a dusty disk or envelope ( Allen et al. 2004 ; Megeath et al. 2004 ; Gu termuth et al. 
l2004l : IWinston et aDl2007l : IWhitnev et alJl2004l:lMegeath et al.ll2008allbL in prep: Figure 



|9ll, 2) variability in the near-infrared ('Carpenter, Hillenbrand, & Skrutskie"200l'), or 3) 
X-ray emission from an infrared s ource detected hy Spit z er and/or 2MASS. We note 
that deep near-infrared imaging by IXsujimoto et all (120031) detected 74 X-ray sources 
which were not detected by 2MASS; we have not merged our data with their source 
Ust. 

Using these criteria, we have identified 347 candidate member pre-main sequence 
stars and protostars. Table [3] shows photometry for the young stellar object candidates 
that are detected at 24 nm. The X-ray sources are taken from a reprocessing of the 
Chandra data of iTsujimoto et all (l20oi) for the ANCHORS database (An Archive of 
Chandra Observations of Regions of Star Formation, S. Wolk R I.). In Figure [H we 
show the distribution of these sources over the 20' x 20' field. These sources were also 
shown in Figure [51 In Figure |9l we show color-color diagrams of the sources. Out 
of 347 sources total, we identify 208 infrai^ed excess sources. Of these, 43 sources 
with 24 fim detections are classified as protostars (Class O/l). The remaining 165 are 
predominantly stars with disks (Class II), although there may also be some protostars 
without 24 fim detections among these stars. In addition, 123 sources exhibit variability 
in the near-infrared, and 197 have X-ray detections. A total of 139 sources exhibiting 
variability or X-ray emission do not have infrared excesses and thus appear to be pure 
photospheres in the infrared (Class III). These observations demonstrate the presence of 
a large number of pre-main sequence stars in the OMC-2/3 region. Future spectroscopic 
observations are needed to determine the ages and masses of these stars and determine 
the star forming history and initial mass function of the OMC-2/3 region. 



3.5. Young Brown Dwarfs in OMC-2/3 

In addition to a large population of pre-main sequence stars and protostars, a number 
of young brown dwarfs have been discovered in OMC-2/3. Tab l e[4|lis ts the 19 spectro- 
scopically confirmed young brown dwarfs from [Peterson et all (l2008h along with their 
/— and z'— band magnitudes, deep near-infrared J HK— hand magnitudes, and spec- 
tral types. The spectral types of these young brown dwarfs range from M6.5 to M9, 
which cor responds to approxim ate masses of 0.075—0.015 Mq using the evolutionary 
models of iBaraffe et al.l (fT998h . At least one of these young brown dwarfs (source 21 
in Table |4]) has strong Ha emission, indicating that it is actively accreting. 

Young brown dwarfs, with ages much less than 10 Myr, are much more lumi- 
nous and thus easier to detect than field brown dwarfs (typically older than 1 Gyr). 
However, the near-infrared colors of young brown dwarfs are similar to those of very 
low mass stars, making it very difficult to identify brown dwarfs from near-infrared 
photometr y alone . Therefore, tec hniques for identifying brown dw arfs in star forrn ing 
regions ( Luhman|[T999. : Muen ch et al.ll200lh were applied by P eterson et all (1200 8^) to 
select brown dwarf candidates in OMC-2/3 from near-infrared and visible wavelength 
photometry. Once candidate brown dwarfs were selected, far-red (0.6—1.0 fim) and 
near-infrared (0.8—2.5 fim) spectroscopy was obtained and used to confirm the candi- 
dates as bona fide brown dwarfs. 

FigurefTOlis a K versu s H—K color-magnitude di agram of all sources i n OMC-2/3 
from Peterson et al. (I2008h . Assuming an age of 1 Myr. lBaraffe et al.l(ll998l) isochrones 
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were used to select sources below the hydrogen burning limit as candidate brown 
dwarfs. For sources that were not as deeply embedded and detected in the I— and 
z'— bands, near-infrared plus visible wavelength photometry was used for selection. 
The sources confirmed by spectroscopy as brown dwarfs or low-mass stellar members 
are shown in Figure [TOl Note that we have observed all brown dwarf candidates that 
fall below 0.080 Mq and above 0.050 Mq (for 1 Myr objects) with an extinction limit 
of 4.5 < A]/ < 14, making a complete sample within this regime. Figure [10] illus- 
trates how spectroscopy is needed to confirm the mass of the object, with both young 
(< 1 Myr) brown dwarfs found above the reddening vector for 1 Myr old 0.08 Mq and 
older low-mass stellar members found below the vector. In terpretations fo r this a ppar- 
ent dispersion in near-infrared luminosities are discussed in [Peterson et all (l2008h . 




H- K 



Figure 10. K vs. H — K color-magnitud e diagram of all the sta rs detected at H 
and K in OMC-2/3 (srn all open circles) from lPeterson et al] (l2008l) . Over-plotted is 
the iBaraffe et alj ( Il998l) evolutionary isochrone for a 1 Myr-old pre-main sequence 
star, assuming a distance to OMC-2/3 of 450 pc. Reddening vectors are plotted for: 
1) a 0.08 Mq star (upper diagonal line) and 2) a 25 Mj brown dwarf with an age of 1 
Myr (lower diagonal line). The sources confirmed as brown dwarfs (spectral types of 
M6.5— M9) from far-red spectroscopy are represented by squares; those confirmed 
as low mass members (spectral types of M4— M6) are represented by diamonds. The 
sources confirmed as brown dwarfs from near-infrared spectroscopy are represented 
by triangles. All sources whose spectral types could not be determined or sources 
which were determined to be foreground or background dwarfs are represented by 
filled circles. T ables of photometry f or all the sources whose spectra were obtained 
can be found in lPeterson et alJ (l2008h . 



Table 3.: Young Stellar Object Candidates in OMC-2/3 detected at 24 



RA 


Dec 




3.6 fim 


4.5 fim 


5.8 fim 


8 fj,m 


24 fim 


Var. 


X-ray 


IR-ex* 


Proto. 


J(2000) 


J(2000) 


mag (unc) 


mag (unc) 


mag (unc) 


mag (unc) 


mag (unc) 


mag (unc) 










5 35 19.5 


-5 15 32 






9.55 (0.01) 


8.12 (0.01) 


7.16(0.03) 


1.64(0.03) 











1 


5 35 11.0 


-5 15 21 


11.12(0.02) 


9.23 (0.01) 


8.46 (0.01) 


8.10(0.01) 


7.71 (0.03) 


4.32 (0.07) 


1 





1 





5 35 19.8 


-5 15 08 


10.21 (0.03) 


8.56(0.01) 


7.52 (0.01) 


6.67 (0.01) 


5.67 (0.02) 


1.72 (0.03) 


1 


1 





1 


5 35 05.2 


-5 14 50 


7.19(0.02) 


6.99 (0.01) 


6.67 (0.01) 


6.39 (0.01) 


5.97 (0.01) 


3.71 (0.02) 








1 





5 35 20.2 


-5 13 59 


9.80 (0.02) 


8.97 (0.01) 


8.53 (0.01) 


8.01 (0.01) 


7.28 (0.03) 


3.24 (0.02) 





1 


1 





5 35 18.5 


-5 13 38 


9.29 (0.02) 


7.73 (0.01) 


7.03 (0.01) 


6.16(0.01) 


5.27 (0.01) 


1.79 (0.01) 


1 





1 





5 35 45.6 


-5 13 35 


11.67 (0.02) 


10.67 (0.01) 


10.30 (0.01) 


9.97(0.01) 


9.54 (0.07) 


4.66 (0.05) 








1 





5 35 20.1 


-5 13 15 


6.43 (0.03) 


6.16(0.01) 


4.48 (0.01) 


3.67 (0.01) 


2.80 (0.01) 


-0.38 (0.02) 


1 


1 





1 


5 35 18.2 


-5 13 06 


9.64 (0.02) 


8.67 (0.01) 


8.19 (0.01) 


7.83 (0.01) 


7.16(0.02) 


3.84 (0.07) 


1 





1 





5 35 52.7 


-5 12 58 


10.32 (0.02) 


9.63 (0.01) 


9.31 (0.01) 


9.03 (0.01) 


8.25 (0.01) 


4.76 (0.06) 


1 





1 





5 35 38.8 


-5 12 41 


8.82 (0.02) 


7.97 (0.01) 


7.57 (0.01) 


6.96 (0.01) 


6.25 (0.02) 


3.72 (0.05) 


1 


1 


1 





5 34 44.9 


-5 12 31 


13.82 (0.04) 


13.09 (0.02) 


12.74 (0.02) 


12.35 (0.10) 




8.28 (0.02) 








1 





5 35 36.0 


-5 12 25 


8.39 (0.02) 


7.17 (0.01) 


6.52 (0.01) 


6.04(0.01) 


5.30 (0.02) 


2.70 (0.01) 


1 


1 


1 





5 35 32.9 


-5 12 04 


10.29 (0.02) 


9.12(0.01) 


8.66 (0.01) 


8.32 (0.01) 


7.84 (0.03) 


4.75 (0.04) 


1 





1 





5 35 23.3 


-5 12 03 




10.49 (0.01) 


8.96 (0.01) 


8.58 (0.04) 


7.94 (0.08) 


1.41 (0.02) 











1 


5 35 06.9 


-5 11 50 






13.70 (0.04) 






5.31 (0.07) 










1 


5 35 28.2 


-5 11 37 


11.32 (0.02) 


10.54 (0.01) 


10.10(0.01) 


9.65 (0.03) 




4.74(0.11) 


1 


1 


1 





5 35 05.7 


-5 11 34 


10.76 (0.02) 


10.17 (0.01) 


9.64 (0.01) 


9.32 (0.01) 


8.57 (0.04) 


5.22 (0.04) 


1 





1 





5 34 56.8 


-5 11 32 


10.15 (0.02) 


8.87 (0.01) 


8.57 (0.01) 


8.19 (0.01) 


7.45 (0.01) 


4.55 (0.02) 





1 


1 





5 35 24.6 


-5 11 29 


10.39 (0.02) 


9.64 (0.01) 


8.93 (0.01) 


8.51 (0.01) 


7.57 (0.03) 


3.47 (0.02) 


1 


1 







J Jj JJ.O 


-5 1 1 23 






1 ^ l,c\ (f\ 07^ 
i J . JU i_u.u / } 






s (Ci AS"! 

J.JU l^U.UJ } 


Q 


Q 




J 


5 35 07.5 


-5 1114 


10.83 (0.02) 


10.29 (0.01) 


10.09 (0.01) 


9.89(0.01) 


9.17 (0.05) 


5.18 (0.09) 


1 


1 







5 34 56.6 


-5 11 12 


12.20 (0.02) 


11.44 (0.01) 


10.94 (0.01) 


10.58 (0.03) 


9.86 (0.06) 


6.31 (0.05) 













5 35 26.8 


-5 1 1 07 


7.02 (0.03) 


5.80 (0.01) 


5.21 (0.01) 


4.78 (0.01) 


4.12 (0.01) 


1.82 (0.08) 


1 


1 







5 35 01.5 


-5 11 03 


12.23 (0.03) 


11.63 (0.01) 


11.20 (0.01) 


10.81 (0.04) 


9.54 (0.07) 


6.27 (0.01) 













5 35 46.1 


-5 10 51 


10.43 (0.02) 


9.86 (0.01) 


9.46 (0.01) 


9.43 (0.01) 


8.75 (0.03) 


5.18(0.01) 


1 


1 







5 34 45.2 


-5 10 47 


10.70 (0.02) 


10.15 (0.01) 


9.77 (0.01) 


9.63 (0.01) 


9.13 (0.02) 


6.11 (0.06) 


1 


1 







5 35 24.7 


-5 10 30 


9.59 (0.07) 


7.32 (0.01) 


5.73 (0.01) 


4.80 (0.01) 


3.56 (0.01) 


-1.40 (0.03) 










1 


5 35 47.4 


-5 10 28 


9.77 (0.03) 


8.49 (0.01) 


8.02 (0.01) 


7.64 (0.01) 


6.93 (0.01) 


4.25 (0.02) 


1 










5 35 27.0 


-5 10 17 


8.80 (0.03) 


5.83 (0.01) 


4.81 (0.01) 


3.69 (0.01) 


2.63 (0.01) 


-0.70 (0.50) 













5 35 42.0 


-5 10 11 


9.47 (0.02) 


8.73 (0.01) 


8.42 (0.01) 


8.00(0.01) 


7.42 (0.01) 


4.56(0.11) 


1 


1 







5 35 24.9 


-5 10 01 


11.77 (0.19) 


10.13 (0.05) 


8.71 (0.03) 


7.90 (0.02) 


7.24 (0.03) 


3.36(0.01) 










1 


5 35 36.7 


-5 10 00 


11.94 (0.02) 


11.04(0.01) 


10.53 (0.01) 


10.11 (0.03) 


9.25 (0.06) 


6.17 (0.03) 


1 










5 35 04.6 


-5 09 55 


10.39 (0.02) 


10.21 (0.01) 


10.12(0.01) 


10.06 (0.01) 


10.09 (0.07) 


5.28 (0.02) 





1 







5 35 27.0 


-5 09 54 


12.75 (0.02) 


10.23 (0.02) 


9.00 (0.04) 


8.13 (0.03) 


7.31 (0.02) 


2.89 (0.03) 


1 








1 



" Magnitudes from 2MASS photometry. 



* From^^gente^j|illenbrandj_&^knits^^ QOOT); Those that are variable have Stetson indices greater than 0.55. 



Table 3.: Young Stellar Object Candidates in OMC-2/3 detected at 24 fim (continued) 



RA 


Dec 




3.6 fim 


4.5 fim 


5.8 fim 


8 fj,m 


24 fim 


Var. 


X-ray 


IR-ex* 


Proto. 


J(2000) 


J(2000) 


mag (unc) 


mag (unc) 


mag (unc) 


mag (unc) 


mag (unc) 


mag (unc) 










5 35 15.6 


-5 09 51 


11.54 (0.02) 


10.55 (0.01) 


10.04(0.01) 


9.57(0.01) 


8.92 (0.03) 


5.57 (0.03) 








1 





5 35 25.7 


-5 09 49 


10.11 (0.02) 


9.61 (0.01) 


9.56 (0.03) 


9.27 (0.05) 


8.34 (0.06) 


3.63 (0.01) 


1 


1 


1 





5 35 21.6 


-5 09 49 


11.67 (0.02) 


10.80 (0.01) 


10.40 (0.01) 


10.06 (0.02) 


9.18 (0.04) 


5.73 (0.06) 


1 


1 


1 





5 35 00.4 


-5 09 44 


12.78 (0.03) 


12.42 (0.01) 


12.26 (0.01) 


11.87 (0.05) 


10.98 (0.07) 


5.49 (0.06) 





1 


1 





5 35 21.6 


-5 09 38 


12.44 (0.02) 


10.86 (0.01) 


10.10(0.01) 


9.38 (0.01) 


8.39 (0.01) 


3.98 (0.05) 


1 


1 





1 


5 35 31.9 


-5 09 28 


8.03 (0.02) 


7.29 (0.01) 


6.83 (0.01) 


6.40 (0.01) 


5.49 (0.01) 


2.37 (0.04) 





1 


1 





5 35 26.8 


-5 09 24 


11.15 (0.05) 


6.81 (0.01) 


5.78 (0.01) 


4.27 (0.01) 


3.34 (0.01) 


0.65 (0.25) 


1 





1 





5 35 21.2 


-5 09 16 


7.10(0.03) 


6.28 (0.01) 


6.01 (0.01) 


5.88 (0.01) 


5.54 (0.01) 


3.96 (0.02) 





1 


1 





5 35 23.2 


-5 08 43 


12.98 (0.02) 


11.14(0.01) 


10.69 (0.01) 


9.91 (0.02) 


9.17 (0.04) 


5.78 (0.03) 








1 





5 35 24.3 


-5 08 30 




11.33 (0.01) 


8.91 (0.01) 


7.32 (0.01) 


5.92 (0.01) 


2.20 (0.04) 











1 


5 35 25.2 


-5 08 23 




12.71 (0.02) 


10.14(0.01) 


8.86 (0.01) 


8.13 (0.02) 


5.22 (0.03) 





1 





1 


5 35 23.3 


-5 08 21 


12.49 (0.03) 


10.57 (0.01) 


9.79 (0.01) 


9.22 (0.01) 


8.51 (0.02) 


5.61 (0.03) 





1 


1 





5 35 04.3 


-5 08 12 


7.27 (0.02) 


7.15 (0.01) 


7.12 (0.01) 


7.09 (0.01) 


6.97 (0.01) 


6.22 (0.03) 


1 


1 








5 35 22.4 


-5 08 04 


8.61 (0.04) 


7.25 (0.01) 


6.66 (0.01) 


6.08 (0.01) 


4.98 (0.01) 


1.50 (0.06) 





1 


1 





5 35 38.5 


-5 08 03 


12.01 (0.02) 


10.82 (0.01) 


10.25 (0.01) 


10.14(0.01) 


9.70 (0.03) 


6.24 (0.31) 





1 


1 





5 35 22.6 


-5 08 00 


9.21 (0.03) 


8.82 (0.01) 


8.68 (0.01) 


8.26 (0.01) 




2.61 (0.04) 


1 


1 








5 35 25.6 


-5 07 57 


10.27 (0.06) 


9.36 (0.01) 


8.52 (0.01) 


7.73 (0.01) 


6.77 (0.02) 


1.46 (0.02) 





1 





1 


5 35 25.7 


-5 07 46 


11.23 (0.03) 


9.62 (0.01) 


8.96 (0.01) 


8.40(0.01) 


7.61 (0.03) 


3.39 (0.04) 


1 





1 





5 35 22.3 


-5 07 38 


10.26 (0.03) 


9.04(0.01) 


8.32 (0.01) 


7.56 (0.01) 


6.54 (0.02) 


3.28 (0.02) 


1 


1 


1 





5 35 44.8 


-5 07 17 


8.91 (0.02) 


8.34 (0.01) 


8.27 (0.01) 


7.86 (0.01) 


6.90 (0.01) 


3.16(0.03) 





1 


1 





5 35 51.1 


-5 07 08 


9.87 (0.02) 


9.49 (0.01) 


9.20 (0.01) 


8.85 (0.01) 


7.85 (0.01) 


4.84 (0.01) 





1 


1 





5 35 27 7 


-5 07 03 






19 61 (Cl 06^ 






^ 06 ^0 06'! 





Q 





1 


5 35 21.9 


-5 07 01 


9.32 (0.02) 


8.38 (0.01) 


7.97 (0.01) 


7.72 (0.01) 


6.94 (0.03) 


3.21 (0.03) 


1 


1 


1 





5 34 40.6 


-5 06 58 


11.82 (0.02) 


10.88 (0.01) 


10.36 (0.01) 


10.02 (0.01) 


9.47 (0.01) 


6.32 (0.03) 


1 





1 





5 34 45.0 


-5 06 49 


10.66 (0.02) 


9.94(0.01) 


9.79 (0.01) 


9.35 (0.01) 


8.43 (0.01) 


5.22 (0.06) 


1 


1 


1 





5 35 39.9 


-5 06 36 


10.80 (0.02) 


10.05 (0.01) 


9.60 (0.01) 


9.20 (0.01) 


8.39 (0.01) 


5.55 (0.05) 


1 


1 


1 





5 35 34.3 


-5 06 21 


9.32 (0.02) 


9.36 (0.01) 


9.35 (0.01) 


9.38 (0.01) 


9.32 (0.04) 


5.65 (0.04) 








1 





5 35 24.9 


-5 06 21 


10.79 (0.02) 


9.09 (0.01) 


8.30 (0.01) 


7.70 (0.01) 


6.96 (0.01) 


2.59 (0.03) 





1 





1 


5 34 45.1 


-5 06 20 


12.23 (0.02) 


11.56 (0.01) 


11.19(0.01) 


10.88 (0.02) 


10.34 (0.04) 


7.25 (0.01) 


1 





1 





5 35 26.7 


-5 06 10 




12.26 (0.01) 


9.87 (0.01) 


8.34 (0.01) 


7.28 (0.01) 


2.88 (0.07) 











1 


5 35 25.8 


-5 05 57 


12.65 (0.05) 


10.04 (0.01) 


8.68 (0.01) 


7.85 (0.01) 


7.16(0.01) 


4.11 (0.01) 








1 





5 35 31.5 


-5 05 47 


8.26 (0.03) 


6.47 (0.01) 


5.70 (0.01) 


4.99 (0.01) 


3.98 (0.01) 


0.66 (0.01) 


1 








1 


5 35 28.6 


-5 05 44 


10.80 (0.02) 


9.24(0.01) 


8.66 (0.01) 


8.13 (0.01) 


7.58 (0.01) 


4.34 (0.01) 





1 


1 





5 35 25.8 


-5 05 43 






11.85 (0.03) 


11.96 (0.09) 




4.25 (0.04) 











1 


5 35 43.6 


-5 05 41 


10.26 (0.02) 


9.31 (0.01) 


8.59 (0.01) 


8.22 (0.01) 


7.35 (0.01) 


4.38 (0.13) 


1 


1 


1 





5 35 27.9 


-5 05 36 


13.50 (0.04) 


11.30 (0.01) 


10.55 (0.01) 


9.96 (0.02) 


9.19 (0.04) 


5.39 (0.05) 





1 





1 



" Magnitudes from 2MASS photometry. 



* From^^gente^j|illenbrandj_&^krut^^ (200r); Those that are variable have Stetson indices greater than 0.55. 



Table 3.: Young Stellar Object Candidates in OMC-2/3 detected at 24 fim (continued) 



RA 


Dec 




3.6 fim 


4.5 fim 


5.8 fim 


8 fj,m 


24 fim 


Var. 


X-ray 


IR-ex* 


Proto. 


J(2000) 


J(2000) 


mag (unc) 


mag (unc) 


mag (unc) 


mag (unc) 


mag (unc) 


mag (unc) 










5 35 25.2 


-5 05 09 




12.60(0.01) 


11.09 (0.01) 


10.17 (0.01) 


9.26 (0.02) 


5.73 (0.02) 











1 


5 35 52.6 


-5 05 05 


8.75 (0.02) 


7.99 (0.01) 


7.73 (0.01) 


7.52 (0.01) 


7.03 (0.01) 


3.61 (0.01) 





1 


1 





5 35 31.5 


-5 05 01 


10.82 (0.02) 


9.89 (0.01) 


9.14(0.01) 


8.98 (0.01) 


7.93 (0.01) 


4.86 (0.04) 


1 


1 


1 





5 34 49.6 


-5 04 59 


12.25 (0.02) 


11.86 (0.01) 


11.61 (0.01) 


11.40 (0.02) 


10.87 (0.02) 


7.94 (0.01) 


1 





1 





5 35 28.0 


-5 04 58 






12.20 (0.02) 


11.88 (0.05) 




5.29 (0.08) 










1 


5 35 36.2 


-5 04 55 


10.99 (0.02) 


10.28 (0.01) 


9.96 (0.01) 


9.78 (0.01) 


9.16(0.02) 


5.25 (0.01) 


1 


1 


1 





5 35 19.7 


-5 04 54 


14.03 (0.04) 


10.41 (0.01) 


9.01 (0.01) 


7.92 (0.01) 


6.99 (0.01) 


3.35 (0.03) 










1 


5 34 47.9 


-5 04 55 


10.62 (0.02) 


10.05 (0.01) 


9.81 (0.01) 


9.64 (0.01) 


8.85 (0.01) 


4.88 (0.03) 


1 


1 


1 





5 35 38.5 


-5 04 51 


12.16(0.02) 


10.47 (0.01) 


9.77 (0.01) 


9.31 (0.01) 


8.29 (0.01) 


5.01 (0.02) 








1 





5 35 08.7 


-5 04 40 


11.12(0.02) 


10.75 (0.01) 


10.37 (0.01) 


10.15 (0.01) 


9.42 (0.01) 


6.76 (0.02) 





1 


1 





5 34 42.0 


-5 04 31 


12.61 (0.02) 


11.99 (0.01) 


11.52 (0.01) 


11.22 (0.02) 


10.51 (0.02) 


7.80 (0.05) 


1 





1 





5 35 33.8 


-5 04 27 


10.46 (0.02) 


9.11 (0.01) 


8.52 (0.01) 


8.11 (0.01) 


7.44 (0.01) 


3.87 (0.02) 


1 


1 


1 





5 35 54.1 


-5 04 14 


9.83 (0.03) 


9.09 (0.01) 


8.71 (0.01) 


8.53 (0.01) 


8.01 (0.01) 


6.20 (0.06) 





1 


1 





5 35 36.7 


-5 04 14 


10.77 (0.02) 


10.24 (0.01) 


9.96 (0.01) 


9.76 (0.01) 


9.28 (0.02) 


5.51 (0.01) 


1 


1 


1 





5 35 26.6 


-5 03 55 




8.35 (0.01) 


7.07 (0.01) 


5.91 (0.01) 


4.61 (0.01) 


-0.94 (0.02) 











1 


5 35 18.2 


-5 03 54 


9.15 (0.02) 


9.19 (0.01) 


9.15 (0.01) 


9.14(0.01) 


8.97 (0.02) 


6.28 (0.03) 





1 








5 35 28.2 


-5 03 40 


12.50 (0.02) 


7.47 (0.01) 


6.41 (0.01) 


5.11 (0.01) 


4.74 (0.01) 


0.62 (0.01) 





1 





1 


5 34 53.0 


-5 03 26 


10.79 (0.02) 


10.18 (0.01) 


9.80 (0.01) 


9.40(0.01) 


8.65 (0.01) 


5.91 (0.05) 


1 


1 


1 





5 35 43.1 


-5 03 07 


12.28 (0.02) 


11.88 (0.01) 


11.60 (0.01) 


11.27 (0.02) 


10.68 (0.04) 


7.32 (0.35) 


1 


1 


1 





5 35 20.6 


-5 03 00 


11.83 (0.03) 


9.52 (0.01) 


8.85 (0.01) 


8.25 (0.01) 


7.34 (0.01) 


3.81 (0.03) 


1 





1 





5 35 15.3 


-5 02 50 


14.19(0.05) 


12.91 (0.02) 


12.43 (0.02) 


11.88 (0.04) 


11.00(0.05) 


8.34 (0.04) 








} 





5 35 27 4 


-5 02 42 


in 98 ro Ci7\ 


Q 98 01 ■) 




8 1 8 on 


7 6"^ ro n 


4 (0 O'^'i 

H-.OJ \\J.UJ) 
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[ 







5 35 37.3 


-5 02 36 


12.07 (0.02) 


10.76 (0.01) 


10.18 (0.01) 


10.03 (0.01) 


9.47 (0.02) 


6.28 (0.01) 


1 










5 35 14.7 


-5 02 27 


11.55 (0.05) 


10.63 (0.01) 


10.39 (0.01) 


10.06(0.01) 


9.80 (0.02) 


6.67 (0.06) 













5 35 32.5 


-5 01 57 


12.75 (0.03) 


11.92 (0.01) 


11.58 (0.01) 


10.93 (0.03) 


9.81 (0.05) 


6.93 (0.01) 













5 35 23.6 


-5 01 40 


15.50 (0.15) 


11.76 (0.01) 


10.12(0.01) 


8.20 (0.01) 


6.99 (0.01) 


1.75 (0.01) 










1 


5 35 28.0 


-5 01 34 


12.50 (0.02) 


10.23 (0.01) 


9.43 (0.01) 


8.94 (0.01) 


8.32 (0.01) 


5.58 (0.01) 


1 


1 







5 35 48.4 


-5 01 28 


10.53 (0.02) 


9.50 (0.01) 


9.05 (0.01) 


8.81 (0.01) 


8.11 (0.01) 


4.35 (0.01) 


1 


1 







5 35 23.5 


-5 01 28 




13.97 (0.02) 


11.19 (0.01) 


10.42 (0.01) 


9.20 (0.02) 


2.44 (0.20) 










1 


5 35 21.5 


-5 01 15 


13.28 (0.08) 


12.46 (0.01) 


10.06(0.01) 


10.63 (0.02) 


10.49 (0.09) 


6.11 (0.03) 













5 35 36.4 


-5 01 15 


9.13 (0.02) 


8.59 (0.01) 


8.32 (0.01) 


8.02 (0.01) 


7.44 (0.01) 


5.09 (0.02) 


1 


1 







5 35 22.4 


-5 01 14 




16.22 (0.09) 


12.77 (0.02) 


12.04 (0.04) 


11.88 (0.11) 


3.23 (0.05) 










1 


5 34 56.5 


-5 01 06 


13.05 (0.03) 


12.66 (0.01) 


12.22 (0.01) 


11.72 (0.03) 


10.77 (0.04) 


7.38 (0.06) 













5 35 20.0 


-5 01 02 


14.47 (0.06) 


10.16(0.01) 


8.82 (0.01) 


7.78 (0.01) 


7.35 (0.01) 


3.75 (0.02) 





1 




1 


5 35 34.5 


-5 00 52 


11.48 (0.03) 


8.24(0.01) 


7.12 (0.01) 


6.29 (0.01) 


5.47 (0.01) 


1.80 (0.04) 










1 


5 35 18.9 


-5 00 50 






12.58 (0.07) 


10.16(0.03) 


8.76 (0.01) 


4.06 (0.01) 










1 



" Magnitudes from 2MASS photometry. 



' From^^gente^j|illenbrandj_&^krut^^ (200r); Those that are variable have Stetson indices greater than 0.55. 



Table 3.: Young Stellar Object Candidates in OMC-2/3 detected at 24 fim (continued) 



RA 


Dec 




3.6 fim 


4.5 fim 


5.8 fim 


8 fj,m 


24 fim 


Var. 


X-ray 


IR-ex* 


Proto. 


J(2000) 


J(2000) 


mag (unc) 


mag (unc) 


mag (unc) 


mag (unc) 


mag (unc) 


mag (unc) 










5 35 18.3 


-5 00 32 


11.07 (0.04) 


7.41 (0.01) 


5.97 (0.01) 


5.07 (0.01) 


4.24 (0.01) 


0.44 (0.01) 











1 


5 35 13.0 


-5 00 26 


14.81 (0.08) 


13.11 (0.01) 


12.53 (0.02) 


12.16(0.05) 


12.05 (0.09) 


6.83 (0.01) 





1 


1 





5 35 31.6 


-5 00 14 


10.13 (0.02) 


8.17(0.01) 


7.71 (0.01) 


7.19 (0.01) 


6.78 (0.01) 


4.28 (0.03) 


1 


1 


1 





5 35 15.0 


-5 00 08 


14.66 (0.14) 


12.86 (0.01) 


11.66 (0.01) 


11.03 (0.03) 


10.50 (0.04) 


4.26 (0.02) 











1 


5 35 16.2 


-5 00 02 


11.98 (0.04) 


9.35 (0.01) 


8.26 (0.01) 


7.42 (0.01) 


6.55 (0.01) 


1.29 (0.01) 











1 


5 35 34.2 


-4 59 52 




14.13 (0.04) 


12.39 (0.02) 


11.13 (0.04) 


10.60 (0.08) 


5.14(0.02) 










1 


5 35 26.5 


-4 59 52 


12.90 (0.03) 


11.35 (0.01) 


11.05 (0.01) 


10.38 (0.02) 


9.77 (0.03) 


6.78 (0.03) 


1 









5 35 38.5 


-4 59 41 


10.35 (0.02) 


9.77 (0.01) 


9.39 (0.01) 


9.17 (0.01) 


8.38 (0.02) 


5.50 (0.01) 


1 









5 35 30.6 


-4 59 35 


10.35 (0.02) 


9.06 (0.01) 


8.50 (0.01) 


8.14(0.01) 


7.36 (0.01) 


3.62 (0.05) 


1 









5 35 15.6 


-4 59 27 


11.51 (0.02) 


10.29 (0.01) 


9.77 (0.01) 


9.16 (0.04) 


8.12 (0.07) 


4.39 (0.05) 












5 35 29.7 


-4 58 48 






13.73 (0.06) 


11.00(0.03) 


9.55 (0.03) 


4.21 (0.07) 









1 


5 35 10.5 


-4 58 45 


10.57 (0.02) 


7.24 (0.01) 


6.24 (0.01) 


5.57 (0.01) 


4.98 (0.01) 


2.59 (0.14) 












5 35 28.2 


-4 58 38 


11.57 (0.03) 


9.13 (0.01) 


8.24 (0.01) 


7.46 (0.01) 


6.85 (0.01) 


4.88 (0.06) 


1 









5 34 50.7 


-4 58 36 


10.74 (0.02) 


10.15 (0.01) 


9.92 (0.01) 


9.66 (0.01) 


9.21 (0.01) 


7.37 (0.01) 


1 









5 35 04.6 


-4 58 28 


11.09 (0.02) 


9.97 (0.01) 


9.62 (0.01) 


9.33 (0.01) 


8.68 (0.01) 


5.53 (0.04) 


1 









5 35 54.8 


-4 58 19 


12.66 (0.03) 


11.75 (0.01) 


11.26 (0.01) 


10.62 (0.02) 


9.55 (0.02) 


5.75 (0.08) 


1 










5 34 40.5 


-4 57 39 


11.75 (0.02) 


11.21 (0.01) 


10.95 (0.01) 


10.86 (0.02) 


10.19(0.02) 


6.40 (0.01) 


1 










5 34 53.4 


-4 57 32 


12.27 (0.02) 


11.83 (0.01) 


11.49 (0.01) 


11.10(0.02) 


10.45 (0.03) 


7.70 (0.03) 













5 34 57.7 


-4 57 19 


13.02 (0.03) 


11.40(0.01) 


10.78 (0.01) 


10.28 (0.02) 


9.72 (0.03) 


5.79 (0.05) 













5 35 09.5 


-4 57 1 1 


12.71 (0.02) 


12.12(0.01) 


11.33 (0.01) 


10.83 (0.05) 


9.61 (0.08) 


6.34 (0.02) 


1 








1 



" Magnitudes from 2MASS photometry. 
From^^gente^j|illenbrandj_&^krut^^ QOOT); Those that are variable have Stetson indices greater than 0.55. 



Table 4. Young Brown Dwarfs in OMC-2/3 



Name 


RA" 


Dec." 


I, a/ 


J, (^.j" 


H, aH'= 


K, aK" 


Spectral Type 


Ah* 


EW[Ha] 




(J2000) 


(J2000) 


(mag) 


(mag) 


(mag) 


(mag) 






(A) 


1 


05 35 27.4 


-05 09 04 


17.882 ± 0.036 


14.852 ± 0.009 


14.107 ± 0.008 


13.594 ± 0.011 


M6.5'' 


0.2 


-19.2 


2 


05 35 16.8 


-05 07 27 


17.819 ± 0.018 


14.953 ± 0.009 


14.413 ± 0.009 


13.947 ±0.011 


M6.5'' 


0.0 


-16.9 


3 


05 35 13.0 


-05 02 09 


17.393 ± 0.005 


14.465 ± 0.007 


13.895 ±0.007 


13.477 ± 0.007 


M6.5'' 


0.0 


-25.8 


29 


05 35 12.9 


-05 15 49 


18.447 ± 0.051 


15.082 ±0.015 


14.309 ±0.013 


13.806 ±0.015 


M8-M8.25fM8.59 


0.2 


neb^ 


30 


05 35 12.7 


-05 15 43 


18.394 ± 0.069 


1 A 0'~\C 1 f\ f\'\ f\ 

14.825 ± 0.010 


13.951 ± 0.010 


13.328 ± 0.008 


Ml f M7.25'' 


0.4 


neb^ 


31 


05 35 18.7 


-05 15 18 


18.003 ± 0.062 


14.488 ± 0.009 


13.658 ±0.007 


13.077 ± 0.009 


M7.75fM7.5'' 


0.3 


neb^ 


21 


05 35 38.2 


-05 03 34 


18.561 ± 0.018 


16.112 ±0.027 


15.373 ±0.031 


14.840 ± 0.024 


M7/'M7.25'* 


0.2 


-105.1 


34 


05 35 13.6 


-05 14 22 


18.445 ± 0.077 


15.793 ± 0.020 


14.880 ± 0.017 


14.335 ± 0.022 


M8-^' 


0.4 




77 


05 35 40.3 


-05 12 32 


19.290 ± 0.40? 


15.462 ± 0.026 


14.687 ±0.018 


14.155 ±0.019 


M7-'' 


0.2 




923.1621 


05 35 15.1 


-04 58 09 




17.867 ±0.051 


16.197 ±0.028 


15.200 ± 0.029 


M83 


1.5 




1036.108 


05 35 10.1 


-05 14 56 




16.551 ±0.032 


15.397 ± 0.022 


14.594 ± 0.020 


M99 


0.8 




543.681 


05 35 32.0 


-05 08 35 




16.848 ± 0.026 


15.430 ±0.017 


14.485 ± 0.014 


M7.25S 


1.2 




766.341 


05 35 22.1 


-05 12 21 




17.035 ± 0.081 


15.908 ± 0.040 


14.873 ± 0.027 


M7.759 


0.7 




441.326 


05 35 36.6 


-05 12 31 




16.547 ± 0.070 


15.758 ± 0.058 


14.906 ±0.051 


M8.5!' 


0.3 




988.148 


05 35 12.2 


-05 14 29 




17.851 ±0.069 


16.503 ± 0.037 


15.304 ± 0.030 


M89 


1.1 




1004.979 


05 35 11.5 


-05 05 16 




16.321 ±0.019 


14.986 ±0.011 


14.330 ±0.011 


M73 


1.0 




727.1506 


05 35 23.9 


-04 59 25 




18.398 ±0.070 


16.800 ± 0.034 


15.842 ±0.031 


M7.759 


1.4 




845.236 


05 35 23.3 


-05 13 48 




16.714 ±0.060 


15.789 ± 0.037 


14.607 ± 0.029 


Mia 


0.5 




735.36 


05 35 28.2 


-05 16 01 




15.790 ± 0.049 


14.673 ± 0.020 


13.978 ±0.021 


M8-M8.25f 


0.7 





" Coordinates from 2MASS final release. 



* Magnitudes from 4-Shooter photometry. 
Magnitudes from SQIID photometry. 
Keck LRIS spectra. 

Blue Channel MMT spectra. 
f Red Channel MMT spectra. 
9 SpeX IRTF spectra. 

CorMASS spectra. 

* A^f values calculated from J — H colors and not from the Ay values found as the best fit from spectral classification. 
^ Too much emission from suiTounding H II region to measure Ha. 

Table from Peterson et al. (2008) . 
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4. The NGC 1977 Region 



NGC 1 975 

HD Z94262 



NGC 1973 



■ • HD 36938 

HD 36958 • 



HD 37058 •• 



HD 37077 ". 



HI^W M NGC 1 977 

1|Pf HD 294264 



Figure 11. The NGC 1977 HII region is primarily excited by the Bl V star 
HD 37018. NGC 1973 and NGC 1975 are smaller nebulae, but often the desig- 
nation NGC 1977 is used for the whole region. The field is approximately 30 x 45 
arcmin, with north up and east left. Image courtesy Martin Pugh. 

The NGC 1977 nebula north of the Orion Nebula was discovered by William 
Herschel in 1786, while the two smaller regions NGC 1973 and 1975 were noted by 
Heinrich Louis d' Arrest in 1862 and 1864, respectively, see Figure [TT] The desig- 
nation NGC 1977 is often used for the whole complex. NGC 1977 comprises the 
southern portion of the H II region S279, at the northern end of the Orion molecu- 
lar cloud, defining an interface between the H II region and dense molecular cloud 
(IKutner. Evans. & T ucker 1976). T he ionizing source for the H II region is the Bl V 
star HD 37018 (42 Ori) (Sharole'ssl [19591 : iJohnson et alJll977h . In Figures [m and [H 
HD 37018 appears as the brightest star near the middle of the image. There are two B3 
V stars that flank the east (HD 37058) and south-west (HD 294264) sides of HD 37018; 
the other star to the east of HD 37018, which appears almost as bright, is HD 37077 
(45 Ori), a FO III star. The star of approximately equal brightness to the north-west is 
HD 36958 (KX Ori), yet another B3 V star, which illuminates NGC 1973. Further to 
the northeast is HD 294262, an AO double star (the companion is LZ Ori, also an AO 
star), which illuminates NGC 1975. 

Just south of the B3 V star HD 37 058 is HH 45, th e most prominent HH object 
in NGC 1977. It was first discovered by ISchwartzl ( 1977 ). and is discussed in detail in 
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Figure 12. NGC 1 977 as seen at the Spitzer 4.5 and 24 /im wavelengths 
(iMegeath et al.l l2008al in prep). The bright stai- in the center is the BIV star HD 
37018. Bright nebulosity is seen surrounding the star, particularly at 24 /im, as well 
as south of this star at the edge of the molecular filament. Within this filament, 
protostars in the OMC-3 region can be found (see Figure [T3Tl. 
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ReipurthI ( 1989h . The object has a bow-shock shape: the eastern side of the bow-shock 
has a well defined boundary while the western side is more extended. The bow-shock 
has several bright knots, and an additional knot i s visible to the south of the bow-shock; 
these are shown in Figure 9b of iReipurthI (Il989h. The source for HH 45 is not known. 
To the south-west of HH 45. IStanke. McC aughrean. & Zinnecketl ( 20021 ) detected two 
knots of 2.12 fim H2 emission on either side of a near-infrared source; they refer to this 
source as SMZ 1. 



8 micron 




5:36:0 0.0 



5:35:020.0 
RA(20CI0) 



5:34:040-0 



5:34:00.0 



Figure 13. NGC 1977 as seen with Spitzer at 8 /.tm (jMegeath et al.' 2008a', in 
prep). The bright star in the center is the BIV star HD 37018. The posi- 
tions of young stars and protostars are pl otted: the triangles are variables from 
[Carpenter. Hillenbrand. & Skrutskid (1200 lb . and the circles are infrared excess 
sources from Megeath et al. (2008^ in prep). A total of 170 young stellar objects 
are found with either infrared excess or variability. 



The Spitzer observations show that the H H region fills a loop of 8 /im emission 
(Figure [T3] ). This suggests that NGC 1977 is part of a larger cavity excavated in the 
molecular gas by the B stars and that the H H region is gas ionized off the cavity by the 
B stars. The 8 /xm emission is brightest toward NGC 1977, where the loop intersec ts the 
filament of dense molecular gas and the OMC-2/3 region. iMakinen et aP (Il985l ) find 



that this region is externally heated by HD 37018, and the radio continuum observations 
presented in their paper rule out the possibility of additional heating by any embedded 
stars earlier than B2.5-B3. Detailed observations of the interface between NGC 1977 
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and the molecular cloud to the south by iKutner et alj (1985) show that the density of 
the molecular cloud drops off gradually toward the interface. 

The distribution of young stars in Figure [13] shows a concentration of stars within 
the loop. These are presumably the young, low mass stars associated with the B stars. 
The Spitzer observations show 146 stars within NGC 1977 with infrared excesses, as se- 
lected by the color-color diagrams in Figure |9l Of the 146 stars with infrared excesses, 
six appear to be proto stars (Class O/I) based on their 3.6—4.5 and 4.5—24 /im colors 
(iMegeath et al.ll2008aL in prep). The remaining 140 infrared excess sources are primar- 
ily young stars with disks (Class II), although som e protostars that were not detected at 
24 um may be among the 140 sources. In addition. ICarpenter. Hillenbrand. & Skrutskie 
(I200lh identified 97 variables in the same region; 24 of the variables do not have in- 
frared excesses (Class III). In total, there are 170 young stellar objects in NGC 1977 
identified by the presence of an infrared excess or variability (note that there is no 
Chandra data toward NGC 1977 so X-rays were not used for pre-main sequence star 
selection). The positional limits used for this analysis are a = 05^^ 34™ 30^* to 05^^ 36*" 
15^ 6 = -04° 57' 00"to -04° 37' 30"(J2000). The photometry for the young stellar 
objects in NGC 1977 with Spitzer 24 /im detections is presented in Table[5] 



5. Summary 

The northern end of the Orion A molecular cloud is the most active region of low and 
high mass star formation within 500 pc of our Sun and is one of the most intensively 
studied star forming regions in the sky. However, most of these observations exclusively 
target the Orion Nebula and the region immediately surrounding the nebula. This chap- 
ter reviews the rich concentration of pre-main sequence stars and protostars north of 
the Orion Nebula in OMC-2/3 and NGC 1977. These regions provide examples of star 
formation in environments much different than that in the Orion Nebula; in particu- 
lar, in environments without the extreme-UV radiation found in the Orion Nebula, and 
showing lower stellar densities than the densities found in the center of the Orion Neb- 
ula. Future studies of the ONC should encompass OMC-2/3 and NGC 1977 in order 
to fully characterize the wide variety of environments within this single contiguous star 
forming region and how these environments affect star and planet formation. 
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into Section 13.3.1 Nick Siegler for providing the Spitzer 24 fim photometry, and Mar- 
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was at the Harvard-Smithsonian Center for Astrophysics. Support for Megeath's work 
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sion Laboratory (JPL)/Caltech. This work includes observations made with the Spitzer 
Space Telescope, which is operated by JPL/Caltech under NASA contract 1407. This 
publication makes use of data products from the Two-Micron All Sky Survey, which is 
a joint project of the University of Massachusetts and the Infrared Processing and Anal- 
ysis Center (IPAC)/Caltech, funded by NASA and the NSF. This research has made use 
of the NASA/IPAC Infrared Science Archive, which is operated by JPL and Caltech 
under contract with NASA, of the SIMBAD database, operated at CDS, Strasbourg, 
France, and of NASA's Astrophysics Data System Bibhographic Services. 



Table 5.: Young Stellar Object Candidates in NGC 1977 detected at 24 



RA 


Dec 




■X f. 

J .0 jJjVCV 


4 5 fjxn 


5 8 ;/m 


8 ^lm 


24 /im 


Var 


TR-PY^ Prnfn 


J y^yjKjyj j 


T(2000^ 


mnCT riinf"! 


mno" (^iinp^ 


mno" ( iinp^ 


iTiiio ( ^^n^\ 










5 34 57.4 


-4 56 45 


11.63 (0.02) 


10.42 (0.01) 


9.81 (0.01) 


9.23 (0.01) 


8.16(0.01) 


5.73 (0.02) 





1 


5 35 03.3 


-4 56 42 


11.31 (0.02) 


10.92 (0.01) 


10.57 (0.01) 


10.34 (0.03) 


9.47 (0.04) 


5.83 (0.02) 





1 


5 34 44.8 


-4 56 40 


12.23 (0.02) 


11.65 (0.01) 


11.11 (0.01) 


10.89 (0.02) 


10.38 (0.05) 


7.53 (0.08) 


1 


1 


5 35 51.2 


-4 56 27 


11.54 (0.02) 


11.14(0.01) 


10.50 (0.01) 


9.81 (0.02) 


8.66 (0.03) 


4.81 (0.08) 


1 


1 


5 34 53.9 


-4 56 22 


10.91 (0.02) 


10.22 (0.01) 


10.33 (0.01) 


9.81 (0.01) 


9.36 (0.02) 


4.87 (0.01) 


1 


1 


5 34 55.7 


-4 56 12 


10.22 (0.02) 


9.22(0.01) 


8.83 (0.01) 


8.50 (0.01) 


7.79 (0.01) 


4.71 (0.04) 


1 


1 


5 35 00.3 


-4 56 08 


12.57 (0.02) 


11.81 (0.01) 


11.48 (0.01) 


11.19(0.04) 


10.51 (0.07) 


6.78 (0.01) 


1 


1 


5 34 45.0 


-4 55 59 


11.35 (0.03) 


10.18 (0.01) 


9.78 (0.01) 


9.53 (0.01) 


8.96 (0.03) 


5.61 (0.05) 


1 


1 


5 35 19.3 


-4 55 44 


10.08 (0.02) 


8.28 (0.01) 


7.27 (0.01) 


6.70 (0.01) 


5.94 (0.01) 


2.66 (0.06) 


1 


1 


5 35 40.4 


-4 55 44 


12.20 (0.02) 


11.70 (0.01) 


11.55 (0.01) 


11.42 (0.03) 


10.66 (0.04) 


6.35 (0.08) 


1 


1 


5 35 30.9 


-4 55 17 


10.67 (0.02) 


10.13 (0.01) 


9.75 (0.01) 


9.41 (0.02) 


8.36 (0.03) 


4.72 (0.17) 


1 


1 


5 34 52.0 


-4 55 00 


11.69 (0.02) 


10.89 (0.01) 


10.47 (0.01) 


10.18 (0.02) 


9.14(0.02) 


5.49 (0.06) 


1 


1 


5 35 08.2 


-4 54 09 


10.15 (0.02) 


8.16(0.01) 


7.36 (0.01) 


6.43 (0.01) 


5.06 (0.01) 


2.48 (0.03) 





1 


5 34 41.8 


-4 53 46 


11.03 (0.02) 


10.54 (0.01) 


10.24 (0.01) 


9.95 (0.02) 


8.98 (0.02) 


5.40 (0.02) 


1 


1 


5 35 40.5 


-4 53 37 




15.13 (0.07) 


14.98 (0.09) 


12.16(0.09) 


10.32 (0.09) 


6.42 (0.10) 





1 


5 35 15.9 


-4 53 29 


13.52 (0.03) 


12.52 (0.01) 


12.10(0.02) 


11.56 (0.08) 




6.00 (0.03) 





1 


5 35 18.4 


-4 53 23 


10.11 (0.02) 


9.01 (0.01) 


8.47 (0.01) 


8.09 (0.01) 


7.28 (0.01) 


4.19 (0.01) 


1 


I 


5 35 14.1 


-4 53 11 


12.34 (0.02) 


10.65 (0.01) 


10.10(0.01) 


9.56 (0.01) 


8.82 (0.01) 


4.82 (0.04) 


1 


1 


5 35 22.5 


-4 52 36 


10.68 (0.02) 


9.72 (0.01) 


9.09 (0.01) 


8.44 (0.01) 


7.24 (0.01) 


4.15 (0.19) 





1 


5 35 40.5 


-4 52 26 


11.62 (0.02) 


11.25 (0.01) 


10.98 (0.01) 


10.79 (0.02) 


10.14(0.02) 


7.38 (0.02) 





1 


5 34 35.2 


-4 52 17 


11.80 (0.02) 


10.66 (0.01) 


9.85 (0.01) 


9.04 (0.01) 


7.92 (0.01) 


3.66 (0.01) 


1 


1 


5 35 47.4 


-4 52 04 


15.04(0.10) 


14.35 (0.03) 


13.75 (0.03) 


13.24 (0.09) 


12.34 (0.08) 


7.85 (0.04) 





1 


5 35 13.3 


-4 51 44 


7.58 (0.03) 


7.47 (0.01) 


7.42 (0.01) 


7.40 (0.01) 


7.36 (0.01) 


4.42 (0.05) 


1 





5 34 43.5 


-4 51 36 


11.77 (0.02) 


11.64 (0.01) 


11.59 (0.01) 


11.34 (0.05) 


10.77 (0.12) 


6.37 (0.02) 





1 


5 35 25.5 


-4 51 20 


10.69 (0.02) 


9.98 (0.01) 


9.45 (0.01) 


9.25 (0.01) 


8.20 (0.01) 


4.75 (0.05) 


1 


1 


5 35 03.7 


-4 50 52 


9.60 (0.02) 


8.92 (0.01) 


8.41 (0.01) 


8.12 (0.01) 


7.25 (0.02) 


3.75 (0.02) 


1 


1 


5 34 48.4 


-4 50 51 


12.38 (0.02) 


11.81 (0.01) 


11.36 (0.01) 


11.02(0.03) 


10.14(0.05) 


6.53 (0.05) 





1 


5 35 21.5 


-4 50 45 


8.94 (0.02) 


8.30 (0.01) 


8.08 (0.01) 


7.83 (0.01) 


7.11 (0.01) 


2.78 (0.02) 





1 


5 35 48.1 


-4 50 20 


12.30 (0.02) 


11.87 (0.01) 


11.69 (0.01) 


11.50 (0.03) 


10.93 (0.03) 


7.25 (0.04) 





1 


5 35 32.7 


-4 50 1 1 


9.62 (0.03) 


8.73 (0.01) 


8.30 (0.01) 


7.99 (0.01) 


7.33 (0.01) 


4.69 (0.06) 


1 


1 


5 36 09.3 


-4 50 00 


11.80 (0.02) 


11.23 (0.01) 


10.94 (0.01) 


10.72 (0.02) 


10.00 (0.01) 


7.24 (0.04) 





1 


5 35 06.8 


-4 50 01 


15.40 (0.16) 


14.51 (0.03) 


13.65 (0.03) 


12.63 (0.06) 


10.94 (0.05) 


6.73 (0.01) 





1 


5 34 47.6 


-4 50 01 


10.95 (0.02) 


10.58 (0.01) 


10.47 (0.01) 


10.38 (0.03) 


9.37 (0.03) 


4.23 (0.15) 


1 


1 


5 34 48.5 


-4 49 56 


11.16(0.02) 


9.91 (0.01) 


9.30 (0.01) 


9.36 (0.02) 


8.58 (0.04) 


5.30 (0.03) 


1 


1 


5 34 30.1 


-4 49 50 


10.96 (0.02) 


10.51 (0.01) 


10.33 (0.01) 


10.31 (0.02) 


10.06 (0.02) 


6.34 (0.01) 


1 


1 


" Magnitudes from 2MASS photometry. 



^ From^ar£entCT^j€illenbrMidj_&^kmt^^ QOOT); Those that are variable have Stetson indices greater than 0.55. 



Table 5.: Young Stellar Object Candidates in NGC 1977 detected at 24 fim (continued) 



RA Dec Ks" 3.6 fim 4.5 ^tm 5.8 ^im 8 /xm 24 fim Var. IR-ex' Proto. 

J(2000) J(2000) mag (unc) mag (unc) mag (unc) mag (unc) mag (unc) mag (unc) 



5 35 11.8 


-4 49 30 


12.11 (0.02) 


11.02(0.01) 


10.50 (0.01) 


10.09 (0.01) 


9.28 (0.01) 


5.44 (0.06) 


1 


1 





5 35 03.2 


-4 49 20 


8.51 (0.02) 


7.68 (0.01) 


7.25 (0.01) 


7.08 (0.01) 


6.59 (0.01) 


3.86 (0.02) 


1 


1 





5 35 52.1 


-4 49 15 


12.61 (0.02) 


11.97 (0.01) 


11.48 (0.01) 


11.31 (0.03) 


10.61 (0.02) 


8.33 (0.03) 


1 


1 





5 34 37.0 


-4 49 10 


12.89 (0.02) 


11.94 (0.01) 


11.63 (0.01) 


11.44 (0.03) 


10.92 (0.06) 


7.70 (0.06) 





1 





5 35 34.6 


-4 48 57 


12.58 (0.03) 


10.73 (0.01) 


10.12(0.01) 


9.35 (0.01) 


8.40 (0.01) 


5.54 (0.02) 


1 


1 





5 34 37.7 


-4 48 57 


11.91 (0.02) 


11.75 (0.01) 


11.70 (0.01) 


11.65 (0.03) 


11.34 (0.06) 


6.56 (0.07) 





1 





5 35 05.8 


-4 48 42 


10.57 (0.02) 


9.88 (0.01) 


9.52(0.01) 


9.37 (0.01) 


8.62 (0.01) 


5.88 (0.03) 


1 


1 





5 34 50.6 


-4 48 37 


12.64 (0.02) 


11.49(0.01) 


10.95 (0.01) 


10.58 (0.03) 


9.77 (0.06) 


6.60 (0.29) 


1 


1 





5 35 00.5 


-4 48 35 


12.37 (0.02) 


11.23 (0.01) 


10.64 (0.01) 


10.19 (0.02) 


9.35 (0.03) 


6.39 (0.02) 


1 


1 





5 35 03.0 


-4 48 32 


12.19(0.03) 


11.78 (0.01) 


11.54 (0.01) 


11.18 (0.03) 


10.02 (0.03) 


6.88 (0.01) 


1 


1 





5 34 34.2 


-4 48 27 


11.71 (0.02) 


11.40(0.01) 


11.23 (0.01) 


11.03 (0.03) 


10.21 (0.05) 


6.54 (0.01) 





1 





5 35 23.2 


-4 48 27 


14.50 (0.09) 


13.18 (0.02) 


12.77 (0.02) 


12.26 (0.05) 


10.89 (0.04) 


5.47 (0.07) 





1 





5 34 55.1 


-4 48 27 


10.17 (0.02) 


10.08 (0.01) 


10.07 (0.01) 


10.04 (0.02) 


9.92 (0.09) 


4.47 (0.03) 


1 


1 





5 35 00.9 


-4 48 18 


11.26 (0.02) 


10.79 (0.01) 


10.50 (0.01) 


10.19 (0.02) 


9.37 (0.02) 


6.98 (0.01) 





1 





5 35 23.7 


-4 48 16 


12.02 (0.02) 


11.53 (0.01) 


11.10(0.01) 


10.60 (0.01) 


9.33 (0.01) 


6.07 (0.01) 


1 


1 





5 35 28.7 


-4 48 16 


12.88 (0.02) 


9.40 (0.01) 


8.65 (0.01) 


7.93 (0.01) 


7.13 (0.01) 


3.87 (0.02) 


1 


1 





5 35 44.1 


-4 48 04 


10.72 (0.02) 


10.01 (0.01) 


9.70 (0.01) 


9.58 (0.01) 


9.04 (0.01) 


5.75 (0.03) 


1 


1 





5 34 48.6 


-4 47 50 


11.94 (0.02) 


11.47 (0.01) 


10.95 (0.01) 


10.86 (0.03) 


10.07 (0.03) 


6.51 (0.02) 


1 


1 





5 35 35.2 


-4 47 39 


11.26 (0.02) 


10.80 (0.01) 


10.52 (0.01) 


10.17 (0.02) 


8.81 (0.01) 


4.49 (0.01) 


1 







5 35 28.6 


-4 47 26 


11.20 (0.02) 


10.63 (0.01) 


10.25 (0.01) 


9.91 (0.01) 


9.03 (0.02) 


5.95 (0.07) 










5 35 54.1 


-4 47 19 


11.04(0.02) 


10.05 (0.01) 


9.60 (0.01) 


9.23 (0.01) 


8.63 (0.01) 


5.65 (0.02) 


1 







5 35 43.0 


-4 47 00 


12.18 (0.02) 


11.87 (0.01) 


11.66 (0.01) 


11.39 (0.03) 


10.74 (0.04) 


8.32 (0.11) 










5 35 32.2 


-4 46 57 


10.17 (0.02) 


9.41 (0.01) 


9.00(0.01) 


8.62 (0.01) 


7.66 (0.01) 


4.72 (0.01) 


1 







5 35 34.5 


-4 46 54 


11.01 (0.02) 


10.67 (0.01) 


10.22 (0.01) 


9.66 (0.01) 


8.64 (0.01) 


5.71 (0.04) 


1 







5 35 08.7 


-4 46 52 


9.91 (0.02) 


8.64(0.01) 


8.28 (0.01) 


7.73 (0.01) 


7.04 (0.01) 


4.23 (0.01) 


1 







5 35 32.3 


-4 46 48 


13.57 (0.06) 


11.66 (0.01) 


10.84 (0.01) 


10.15 (0.02) 


9.31 (0.02) 


5.30 (0.08) 


1 




1 


5 35 22.8 


-4 46 41 


11.80 (0.02) 


11.23 (0.01) 


11.02(0.01) 


10.68 (0.02) 


10.11 (0.02) 


6.93 (0.30) 


1 







5 35 49.9 


-4 46 32 


11.46 (0.02) 


11.06(0.01) 


10.75 (0.01) 


10.41 (0.02) 


9.68 (0.03) 


6.63 (0.01) 










5 35 33.7 


-4 46 23 


10.84 (0.02) 


10.47 (0.01) 


10.35 (0.01) 


10.23 (0.02) 


9.67 (0.02) 


5.33 (0.07) 


1 







5 35 04.7 


-4 46 21 


13.38 (0.03) 


12.96 (0.02) 


12.51 (0.02) 


12.10(0.05) 


11.51 (0.08) 


7.82 (0.07) 










5 34 56.8 


-4 46 04 


10.96 (0.02) 


9.94 (0.01) 


9.64(0.01) 


9.25 (0.01) 


9.00 (0.02) 


6.54 (0.02) 


1 







5 35 40.0 


-4 45 54 


10.42 (0.02) 


10.03 (0.01) 


9.79 (0.01) 


9.48 (0.01) 


8.62 (0.01) 


6.02 (0.01) 


1 







5 35 16.7 


-4 45 44 


9.72 (0.02) 


8.29 (0.01) 


8.01 (0.01) 


7.60 (0.01) 


6.80 (0.01) 


4.42 (0.03) 


1 







5 35 28.8 


-4 45 29 


12.74 (0.03) 


11.22 (0.01) 


10.62 (0.01) 


10.08 (0.02) 


9.08 (0.01) 


6.12 (0.01) 


1 







5 35 22.9 


-4 45 18 


12.77 (0.03) 


12.31 (0.01) 


12.36 (0.01) 


11.96 (0.04) 


10.95 (0.04) 


7.08 (0.03) 










5 36 12.4 


-4 45 15 




15.46 (0.08) 


14.68 (0.07) 


12.63 (0.09) 


10.98 (0.11) 


7.43 (0.06) 








1 



" Magnitudes from 2MASS photometry. 

^ From^^genteTjjlillenbrMidj^&^kmtsy QOOT); Those that are variable have Stetson indices greater than 0.55. 



Table 5.: Young Stellar Object Candidates in NGC 1977 detected at 24 fim (continued) 



RA 


Dec 




3.6 /im 


4.5 /im 


5.8 /im 


8 fim 


24 fim 


Var. 


IR-ex' 


Proto. 


J(2000) 


J(2000) 


mag (unc) 


mag (unc) 


mag (unc) 


mag (unc) 


mag (unc) 


mag (unc) 








5 35 17.9 


-4 44 52 


10.16(0.02) 


9.59 (0.01) 


9.13 (0.01) 


9.16(0.01) 


8.16(0.01) 


4.84 (0.07) 


1 


1 





5 35 44.5 


-4 44 15 


11.45 (0.02) 


11.34 (0.01) 


11.28 (0.01) 


11.20 (0.04) 


10.57 (0.08) 


6.43 (0.07) 





1 





5 35 18.9 


-4 44 10 


11.91 (0.02) 


11.43 (0.01) 


11.25 (0.01) 


10.96 (0.04) 


10.28 (0.07) 


7.53 (0.08) 





1 





5 35 33.0 


-4 43 58 


10.41 (0.02) 


10.01 (0.01) 


9.79 (0.01) 


9.56 (0.01) 


8.56 (0.02) 


4.10(0.05) 





1 





5 35 22.8 


-4 43 25 


12.11 (0.05) 


11.62 (0.01) 


11.29 (0.01) 


10.85 (0.02) 


9.51 (0.02) 


5.71 (0.05) 


1 


1 





5 35 52.3 


-4 43 04 


10.85 (0.02) 


10.56 (0.01) 


10.56 (0.01) 


10.44 (0.03) 


10.46 (0.05) 


6.00(0.10) 


1 







5 35 13.7 


-4 42 58 


10.64 (0.02) 


10.24(0.01) 


10.01 (0.01) 


9.88 (0.02) 


9.22 (0.02) 


6.75 (0.11) 


1 







5 35 42.4 


-4 42 56 


14.21 (0.04) 


12.84 (0.03) 


12.31 (0.02) 


11.32 (0.05) 


9.95 (0.04) 


6.42 (0.02) 


1 







5 35 17.5 


-4 42 37 




12.93 (0.02) 


12.27 (0.02) 


11.71 (0.05) 


10.93 (0.04) 


8.40 (0.02) 










5 35 22.3 


-4 42 07 


10.14(0.02) 


9.47 (0.01) 


9.27 (0.01) 


9.01 (0.01) 


8.12 (0.03) 


4.35 (0.07) 


1 







5 36 06.4 


-4 41 53 


10.71 (0.02) 


10.30 (0.01) 


10.06(0.01) 


9.64 (0.02) 


8.79 (0.04) 


5.41 (0.02) 










5 35 13.2 


-4 41 54 


11.80 (0.02) 


11.31 (0.01) 


10.87 (0.01) 


10.52 (0.03) 


9.76 (0.03) 


6.91 (0.07) 










5 36 08.1 


-4 41 20 


10.71 (0.02) 


10.34 (0.01) 


9.95 (0.01) 


9.46 (0.02) 


8.63 (0.03) 


5.25 (0.06) 


1 







5 35 25.6 


-4 41 08 


12.12(0.02) 


11.55 (0.01) 


11.26 (0.01) 


10.89 (0.04) 


10.37 (0.08) 


7.42 (0.03) 










5 35 31.7 


-4 41 07 


12.18 (0.02) 


11.85 (0.01) 


11.73 (0.02) 


11.63 (0.05) 


11.27 (0.07) 


6.10(0.03) 


1 







5 35 34.5 


-4 40 20 


10.60 (0.02) 


10.08 (0.01) 


10.20 (0.01) 


9.75 (0.03) 


9.50(0.10) 


4.31 (0.06) 


1 







5 35 23.3 


-4 40 10 


9.53 (0.02) 


7.33(0.01) 


6.25 (0.01) 


5.86 (0.01) 


4.66 (0.01) 


1.46 (0.08) 


1 





1 


5 34 52.2 


-4 40 1 1 


9.80 (0.02) 


9.07 (0.01) 


8.64 (0.01) 


8.58(0.01) 


7.93 (0.01) 


5.15 (0.06) 


1 


1 





5 35 38.5 


-4 38 32 


12.34 (0.02) 










7.63 (0.06) 


1 








5 35 22.8 


-4 37 39 












5.94 (0.27) 


1 









" Magnitudes from 2MASS photometry. 

^ From^^genteTjjlillenbrMidj^&^kmtsye QOOT); Those that are variable have Stetson indices greater than 0.55. 
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